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Bi2Sr2Ca2Cu3Ox (Bi-2223) were prepared using a solid state reaction method at different
sintering times and temperatures. Structural phase identifications have been done using X-
Ray analysis and refinement by Reitveld method which proves the coexistence of Bi-2223
and Bi-2212 phases. The critical transition temperature Tc and critical current density Jc
values were measured using superconducting quantum interference device magnetometer
(SQUID) and by the magneto-optics technique. A remarkable rapid decrease to the
diamagnetic signal in the magnetization versus temperature M(T) at 110 K and Jc around
1.2  107 A/m2 at 5 K are confirmed for the Bi-2223 compound.
Copyright © 2016, The Egyptian Society of Radiation Sciences and Applications. Production
and hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Since the discovery of the high temperature superconductors
cuperates (HTSC), BieSreCaeCueO (BSCCO) superconductors
attract the attention of many researchers due to their tech-
nological applications (Maeda, Tanaka, Fukutomi, & Asano,
1988; Shoushtari, Bahrami, & Farbod, 2006). They are the
most proper candidates to serve as electrical cables due to
their ductility as well as its high critical temperature,
(Tc ¼ 110 K and 85 K) for Bi-2223 and Bi-2212, respectively. The
transition temperatures of these superconductors are falling
above the boiling point of liquid Nitrogen temperature. How-
ever, the production of the pure phase of Bi-2223materials is a.A. Wahab).
gyptian Society of Radiat
iety of Radiation Sciences
icense (http://creativecomchallenging task and requires long processing times (Sotelo,
Angurel, et al., 1993; Sotelo, de la Fuente, et al., 1993; Sotelo,
Majewski, Park, & Aldinger, 1996). Moreover, small variations
of the chemical composition can dramatically affect the
superconducting properties (Sotelo, Angurel, et al., 1993;
Sotelo, de la Fuente, et al., 1993), particularly when taking
into account that the quaternary Bi2O3eSrOeCaOeCuO sys-
tem shows more than 20 stable phases (Majewski, 1997).
Therefore, intensive research efforts have been devoted to
improve the material quality and consequently its properties.
As reported in many literatures, Bi-based high-Tc super-
conductors have the well known phases Bi2Sr2Cu1Oz (Bi-2201)
with a single CueO layer, (Bi-2212) Bi2Sr2Ca1Cu2Oz with a
double CueO layer and (Bi-2223) Bi2Sr2Ca2Cu3Oz with a tripleion Sciences and Applications.
andApplications. Production and hosting by Elsevier B.V. This is an
mons.org/licenses/by-nc-nd/4.0/).
Fig. 1 e XRD diffractogram for samples sintered for different times 24 h and 48 h ( 2212, ) 2223, B 2201 and X for non
superconducting phases (CuO and Sr8.5Bi6Ca2.5O22 )
Fig. 2 e (a): The deconvolution analysis using Winfit program for 2nd (48 h) sample 2Q ¼ 32.6 to 34.009. (b): The
deconvolution analysis using Winfit program for 2nd (48 h) sample 2Q ¼ 34.47 to 35.73.
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Shoushtari et al., 2006). Although the Bi-2223 phase has the
highest superconducting transition temperature, Tc¼ 110 K, it
contains secondary phases (Sotelo, Angurel, et al., 1993;
Sotelo, de la Fuente, et al., 1993; Sotelo et al., 1996). The
microstructure characteristics as grain size and grain orien-
tation are considered the major source of critical current
limiting (Lu,Watanabe, Yi, Chen,&Nagata, 2011, Paul& Chen,
1998). On the other hand, they can pin the motion of the
magnetic flux in the mixed state of superconductivity, i.e., in
the region of Hc1 <Ha <Hc2, where Hc1 and Hc2 are the first and
second critical magnetic fields, respectively, and Ha is the
applied magnetic field. This, in turn, can minimize the energy
dissipation in HTSC (Albiss, Obaidat, Gharaibeh,
Ghamlouchec, & Obeidat, 2010). Therefore, controlling those
pining centers can enhance the critical current density Jc in
HTSC. The conventional solid state reaction method is the
most employed technique to produce ceramic superconduc-
tors in which the starting materials usually includes oxides,
carbonates and other salts, which are mixed, homogenized
and heat-treated at specific temperature.
The aim of this work is to study the effect of sample
preparation conditions namely the sintering times on the
critical current density Jc of BSCCO ceramics. Structure char-
acteristics using X-ray diffraction in relation to magnetic
properties will be considered.Table 2 e Volume fraction and lattice parameters of
higheTc and loweTc superconducting phases calculated
from the XRD data system for Bi-2223and Bi2212 for the
samples.
Sintering Time Phase Volume Fraction (%) System
First sample
(24 h)
Bi-2223 44 Orthorhombic
Bi-2212 38 Orthorhombic
Bi-2201 18 Tetragonal
Second sample
(48 h)
B-2223 41 Orthorhombic
Bi-2212 59 Tetragonal2. Experimental
Bi-2223 Samples were prepared by the solidestate reaction
method by appropriate stiochometry. The starting materials
were high-purity powders of Bi2O3, SrCO3, CaO and CuO. Two
Samples were prepared by grinding the powders well in the
mortar for 1 h in a dry mixing method. They were pre-
calcinated for 24 h at 860 C then they were well ground and
calcinated for 24 h and 48 h at 850 C for the 1st and 2nd
samples, respectively. Phase identification and microstruc-
ture analysis were carried out using a fully computerized X-
ray diffractmeter, Shimadzu XRD-6000, with CuKa radiation,
l ¼ 1.54 Å. The X-ray tube was operated at 40 kV and 30 mA
anode current throughout the measurements. The pattern
was recorded at a scanning rate of 8/min. The above opera-
tion conditions were maintained during all the relevant
measurements. The magnetization versus temperature and
magnetic field, M (T,H), measurements were performed byTable 1 e Data of 2223 and Bi 2212/48 h prepared sample.
Bi-2223 phase
2Q d (A) Ip It K2223
24.79 3.58 17 5 3.40
27.40 3.25 5 8 0.62
31.93 2.80 14 41 0.34
32.99 2.70 21 100 0.21
33.31 2.67 27 27 1.00
35.06 2.56 12 5 2.40
47.4 1.91 16 37 0.43
47.97 1.89 4 7 0.57using superconducting quantum interference device magne-
tometer (SQUID). The typical dimensions of the samples for
the magnetization measurement were (3  4  1 mm3). The
onset temperature of the Meissner signal was defined as the
Tc. The critical current density of the sintered powder was
estimated from the magnetization hysteresis loops. The
magneto-optical imaging technique provides a spatial map of
the perpendicular component of the magnetic field above the
surface of a material that can be compared directly with a
convential light microscope image of the same region for
structure property relationship determination. It is quick and
non-destructive. The Magneto-Optical imaging facility main-
tains 0e0.12 Tmagneto-opticalmicroscopewith a spatial of ~5
microns, a cold stage (<10 K to room temperature), and inte-
grated image analysis capabilities.3. Results and discussions
3.1. X-ray characterization
3.1.1. Phase identifications
The X-ray diffractogram of the samples sintered for two
different times is depicted in Fig. 1. Phase identification shows
that the prepared samples have the high-Tc phase Bi-2223, the
low Tc phase (Bi-2212) (Bi-2201) phase and the non-
superconducting phase Sr8.5Bi6Ca2.5O22. In order to quanti-
tively estimate the volume fraction of each phase, the inte-
grated peak intensities, Ip, were calculated by profile fitting
usingWinfit programand representative plots as illustrated in
Fig. 2.
Bi2Sr2Ca2Cu3O10-d (2223) phase is one of themost promising
high-Tc superconductors that used in wide applications, but
there are difficulties to produce a single phase due to:Bi-2212 phase
2Q d (A) Ip It K2212
23.06 3.85 45 28.2 1.60
24.81 3.58 29 31.3 0.93
27.42 3.25 105 100 1.05
28.94 3.08 30 22.8 1.31
30.94 2.88 92 39.7 2.38
33.09 2.70 90 76.1 1.18
35.15 2.55 22 7.0 3.14
47.50 1.91 43 32.1 1.33
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2223 phase is very narrow by using different synthesis
routes (Majewski, 1997).
(ii) The 2212 (Bi2Sr2CaCu2O8-d) is stable at temperature
range which is wider than that of (2223) so it is usually
the major impurity phase.
(iii) Deficiency in oxygen content may produce secondary
phases in the prepared samples.
The observed peak intensities have been weighted by tak-
ing the relative intensities in the pure compounds given by the
JCPDS-ICDD diffraction cards (Manfredotti et al., 2001). The
choice of the best fitted card was difficult due to peak overlap
between the High Tc-phase (Bi-2223) and Low Tc-phase (Bi-
2212).In order to estimate the volume fraction, fi, of certain
phase i, XRD peak intensities have to be weighted taking the
relative intensities of the peaks in the pure compounds givenFig. 3 e a) Magnetization versus temperature M(T) measured at 1
for 24 h and 48 h samples. b and c) The Mgnified double step tby the XRD files. The conversion factor, K, between the two
scales is the ratio of the experimental observed intensity, Ip, to
that of some standard reference diffraction lines, It, given in
JCPDS-ICDD cards and is expressed according to Manfredotti
et al. (2001) as:
K ¼ IpIt (1)
Table 1 shows the conversion factors of Bi-2223 and Bi-2212
phases for the 2nd (48 h) sample.
The average value K1 and the standard deviation sK have
been calculated in each case. Such values have subsequently
been used to calculate the ratio of each phase and the corre-
sponding error. It turns out that for the choice of the cards the
conversion factors are K12223 ¼ 1.12 and K12212 ¼ 1.61 and
the corresponding percentage errors are sK2223/
K12223 ¼ 3.62% and sK2212/K12212 ¼ 1.82%. The volume00Oe for the Bi undoped samples shows FC measurements
ransitions for 24 h and 48 h samples FC measurements.
Fig. 4 e a) Magnetization versus temperature M(T) measured at 100Oe for the Bi-undoped samples shows ZFC measurements
for 24 h and 48 h samples. b and c) The Magnified double step transitions for 24 and 48 h samples ZFC measurements.
Fig. 5 e Magnetization versus magnetic field M(H) for the
Bi-2223 sample at 5 K for 24 h and 48 h preparation times.fractionswere then calculated for each phase and are revealed
in Table 2.
These results indicate that heating the materials for more
sinteringtimewouldbeenhancementofBi-2212volumefraction
while Bi-2223 is not strongly affected. Also, Bi-2201 disappears.
3.2. Magnetic properties
Fig. 3(a)e4(a)) illustrate the Field-cooling (FC) and zero-field-
cooling (ZFC) magnetic moment versus temperature mea-
surements performed for the two samples which show the
diamagnetic signal for superconductor. A pronounced double
step superconducting transition for (48 h) sample is detected,
the first transition at Tc, onset¼ 110 K is referred to the 2223
phase (the high Tc- phase). The second transition at Tc,
onset ¼ 85 K is referred to the 2212 phase (the low Tc- phase)
which confirmed the XRD data. As for the (24 h) sample, the
double transitions were also detected. However there was a
wide transition for the Tc that may be resulted from the
Fig. 6 e The critical current density temperature
dependence.
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superconductor properties of this sample badly. This dis-
appeared from the second onewith the higher calcinated time
where the superconductor properties were enhanced as
shown in Fig. 3(bec)e4(bec).
Fig. 5 shows the magnetization versus magnetic field M(H)
for the Bi-2223 sample at 5 K. The areas under the loop reflect
the superconducting volume for the samples at low temper-
atures. The width of the hysteresis loop would be used to
calculate the critical current density.Fig. 7 e (a) The measured flux distribution (after calibration) alo
application of an external field of m0Hext ¼ 21 mT at T ¼ 8 K, (b) N
the sample given at the position of the white horizontal line.The Jc values are calculated using the well-known rela-
tionship, Bean model (Bean, 1962, 1964)
Jc ¼ 20DM

a

1 a3b2 (2)
where Jc is the critical current density in A/cm
2, DM is the
width of the magnetization hysteresis loop in emu/cm3 and a,
b are the lateral dimensions of pellet in cm. This formula is
used to calculate the critical current density for the isotropic
superconducting samples with rectangular shape cross-
sections in the plane perpendicular to the external magnetic
field within the context of the Bean model (Bean, 1962, 1964).
Indeed, this is predicted due to the small values of DM ob-
tained from hysteresis loop measurements.
Fig. 6 shows the field dependence of Jc for the Bi-2223
sample.
It is of importance here to mention that not only the grains
are affecting the Jc, but also the grain boundaries play a crucial
role in the current transport since our samples are in a poly-
crystalline form. So that, for short sintering time, the case of
sample (a), small grain size is attained, resulting in weak
connectivity between grains. Moreover, the presence of more
impurity phases resides in the grain boundaries as a result of
short sintering time, can be considered as another sort of
convert limiting. However, prolonging the sintering time may
lead to phase decomposition, decreasing the superconducting
phases and weakening the weak links. Hence, the optimal
sintering time is necessary to increase the superconductingng the horizontal line for Bi-2223 (48 h) sample after
umerical calculation of the current density distribution for
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grains, consequently, increasing the critical current density
overall the sample.
Fig. 7 shows the measured flux distribution (after calibra-
tion) along the horizontal white line for Bi-2223 (48 h) sample
after application of an external field of m0Hext ¼ 21 mT at
T ¼ 8 K, the gray scale represents the magnitude of the critical
current distribution and the corresponding profiles along the
solid white line. A quantitative analysis of the averaged values
reveals an enhancement of Jc ¼ 4.5 107 A/m2 for the 2nd 48 h
sample without doping whichmeasured at zero field cooled at
m0Hext ¼ 21 mT at T ¼ 8 K.4. Conclusion
High Tc phase Bi-2223with 110 Kwas successfully prepared by
conventional solid state reaction method at 24 and 48 h as a
sintering temperature. The prepared samples contain both
high Tc-2223 and low Tc-phase 2212 confirmed by XRD data
andMagnetic properties (M vs.T). The samples prepared could
be used in practical applications due to their large critical
current density (4.5  107 A/m2) directly obtained from
Magneto-optics measurements.r e f e r e n c e s
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